The autonomous parvoviruses contain a single-stranded DNA genome with two apparently overlapping genes (1, 10, 11) . These viruses make very efficient use of a limited coding capacity and direct the synthesis of at least three (11) and probably four viral proteins (2) . Studies of the H-1 parvovirus have demonstrated that a noncapsid protein, NCVP1, is encoded by a large open reading frame in the 3' half of the viral genome (11) . The capsid proteins VP1 and VP2' of H-1 are encoded in the 5' half of the viral genome (17). Cotmore et al. (2) have shown that the genome of a related virus, minute virus of mice (MVM), has a similar organization (NCVP1 and NS-1 being analogous proteins from H-1 and MVM, respectively). This group has further identified a second noncapsid protein, NS-2 (24,000 daltons) which is as yet unmapped (2) .
The complete nucleotide sequences of both H-1 (11) and MVM (1) are known, and the overall homology in the coded sequences is >70% (1, 11) . Two promoter sequences at map positions 4 and 39 have been identified for both genomes. It is probable that the NCVP1 (NS-1) mRNA is transcribed from the promoter at 4 map units (m.u.) and that the protein initiates at the AUG at codon 264 of H-1 and terminates at either nucleotide 2280 or 2303 (11) . The coding boundaries for the capsid proteins VP1 and VP2' are less clear. It is known that virtually all of the sequences of VP2' (68,000 daltons) are contained within the sequences of VP1 (88,000 daltons) and that these proteins probably have common carboxy termini (1, 2, 10, 11, 14) . Analysis of MVM mRNA has identified three major mRNAs of 4.8, 3.3, and 3.0 kilobases (kb), each of which is missing a short intron between 46 and 48 m.u. The 4.8-kb mRNA initiates at the promoter at 4 m.u. and probably encodes NS-1 (NCVP1). The 3.3-kb mRNA is similar to the 4.8-kb mRNA, except with a large intron between 10 and 40 m.u. removed. The 3.0-kb mRNA, which is the most abundant species, initiates at the promoter at 39 m.u. (10) . Although the H-1 mRNAs have not been mapped in such detail, the 4.8-, 3.0-, and 2.8-kb mRNA species identified by Green et al. (3) for H-1 probably correspond to the 4.7-, 3.3-, and 3.0-kb mRNAs of MVM (10 In the present study we isolated peptides from the amino terminus of VP2' (from H-1), taking advantage of both the ability to protealytically cleave VP2' to VP2 in vitro and the known nucleotide sequence. VP2' initiates at the AUG at nucleotide 2797, downstream from the intron between 46 and 48 m.u.
MATERIALS AND METHODS Virus growth and purification. H-1 virus was grown in simian virus 40-transformed human newborn kidney cells and purified by precipitation with polyethylene glycol as described previously (8) . The viruses derived from these cells contain >95% VP2' as their major capsid protein, with only trace amounts of VP2 (7) . Virus (4, 7), and several lines of evidence indicated that this cleavage is at the amino terminus of VP2'. Tattersall et al. (14) initially proposed that for MVM particles the cleavage site was ca. 30 amino acids from the amino terminus. Our own experiments confirmed this prediction for H-1 by comparing VP2' and VP2 which had been cleaved at their cysteine residues after cyanylation (15) . When 14C-labeled sodium cyanide is used in conjunction with dithionitrobenzoate for the cyanylation, subsequent cleavage at pH 9.0 results in peptides labeled at their modified amino termini, except for the true amino-terminal peptide, which is unlabeled. When this cleavage was done on VP2' and VP2, VP2 had a unique amino-terminal peptide (identified as a Coomassie blue-positive but nonradioactive band on gel electrophoresis) of 9,000 to 10,000 daltons, which was not present in similarly cleaved VP2' (data not shown). Thus, the cleavage of VP2' to VP2 with trypsin in vitro occurs at the amino terminus of VP2', and by comparing maps of these two proteins, amino-terminal-derived peptides can be identified.
Using this information, we compared peptides from VP2' and VP2 produced by cleavage at methionine residues. Cleavage of VP2' with cyanogen bromide after carboxymethylation consistently resulted in the appearance of five a Shown in parentheses is the one-letter amino acid code used in Fig. 3 .
b Experimental values are in nanomoles per milliliter with the calculated number of residues per peptide in parentheses. ' Shown is the predicted composition of the peptide coded between nucleotides 2800 and 3018 of the H-1 genome (see Fig. 3 Analysis of peptides released when VP2' is cleaved to VP2 in vitro. To get closer to the amino terminus of VP2', we analyzed the peptides generated when full virus was cleaved with trypsin. The peptides were separated by HPLC (Fig. 2) , and the indicated fractions were subjected to amino acid analysis. Only three peptides were present in significant amounts, and they matched the amino acid composition of the 20-amino-acid sequence predicted between nucleotides 2800 and 2860 (Fig. 3) . The matches can be seen in Table 2 . Peptide 1 contained only three amino acids, Val, Glu, and Arg, and matches amino acids 18 through 20 in Fig. 3 . The composition of peptide 2 matches the sequence of residues 1 through 17 in Fig. 3 . Peptide 3 was a partial cleavage product with a composition matching residues 1 phenylthiohydantoin amino acids were released, thus identifying it as the blocked amino-terminal tryptic peptide. However, when peptide 2 was first cleaved with Staphylococcus aureus V8 protease, which cleaves at the carboxy side of glutamic acid residues, the sequence derived was X-AsnGln-Pro-Asp-Thr-Gly-Ile-Ala-Asn-Ala-Arg. This confirms the position of peptide 2, and its composition matches that of the predicted peptide from nucleotides 2800 to 2850. Thus VP2' initiates at the AUG codon at nucleotide 2797, and VP2 derived with trypsin in vitro begins at the TCA codon (Ser) at nucleotide 2860. DISCUSSION The H-1 parvovirus genome contains two promoters at 4 and 39 m.u. (11) and is highly homologous to MVM, which has the same two promoters (1, 10) . In MVM, the most abundant mRNA species (R3) uses the promoter at 39 m.u. and probably encodes the major capsid protein VP2'. In H-1, the analogous transcript is the 2.8-kb mRNA seen by Green et al. (3) . Based on RNA mapping (3, 10) and hybrid-arrested translation mapping (11), we will assume that the VP2' mRNA in H-1 infected cells is signaled by the promoter at nucleotide 1979 with the mRNA initiated downstream of this TATAAA signal sequence. This mRNA contains an intron between 46 and 48 m.u. (ca. 100 bases) and terminates at the polyadenylation signal at 95 m.u. (1, 10, 11 ). The precise boundaries of the intron are not known (3, 10) . The data described here on the amino terminus of VP2', along with the previous RNA mapping studies, indicate that VP2' is coded, uninterrupted, from nucleotide 2800 to the terminator codon at nucleotide 4573. Figure 3 6 m.u.) , and the first in-frame terminator is 29 codons away. Neither of these ATG codons is used to initiate VP2', and it is possible that both are in the intron of the VP2' mRNA since they are within 2 m.u. of the estimated intron boundaries of 46 and 48 m.u. (10) . In this regard it is interesting to note the wellconserved splice donor consensus sequence AAGGTACA at nucleotide 2281 (6) . MVM DNA contains analagous ATG codons at nucleotides 2286 (45 m.u.) and 2354 (46.3 m.u.), along with a unique ATG codon at nucleotide 2332 (45.9 m.u.). However, MVM does not have an ATG codon which corresponds to the one at nucleotide 1999 in H-1.
The calculated molecular weight of VP2', based on the predicted sequence of the 593 amino acids, is 65,500. This is very close to the previous estimates of 66,000 and 68,000 daltons based on migration in sodium dodecyl sulfate-containing polyacrylamide gels (4, 9) . The VP2 molecule formed in vitro with trypsin is 63,530 daltons (573 amino acids). The predicted amino acid composition of VP2' matches very closely that previously reported for VP2' based on the amino acid analysis of the pure protein (Table 3 ) (11).
The amino-terminal boundaries of VP1 are not yet known. The genomic organization of H-1 and MVM suggests that VP1 contains an additional 20,000 daltons (ca. 180 amino acids) in addition to the sequences present in VP2'. If VP1 mRNA were to initiate translation at nucleotide 2289, switch reading frames before the first terminator codon via a 100-base intron (10) , and then continue in the same open reading frame as VP2' (to the terminator at nucleotide 4573), the translated VP1 would be 80,000 daltons. This is somewhat smaller than the previously predicted 86,000 to 88,000 daltons (4, 9), but not unreasonably so. In fact, our preliminary studies on the cyanogen bromide cleavage of VP1 would tend to support this coding scheme. Cleavage of VP1 yields a peptide that is the same size as peptide D, which is as expected if VP1 reads through the initiator methionine of VP2'. Furthermore, these studies have identified a 20,000-dalton cyanogen bromide peptide which is unique to VP1. An alternate possibility which has been suggested is that VP1 mRNA initiates at the promoter at 4 m.u. and contains a large intron between 10 and 40 m.u. along with the second intron between 46 and 48 m.u. (3, 15) . By this scheme it is possible for VP1 to initiate translation near the promoter at 4 m.u. and coterminate with VP2'. However, our hybridarrested translation experiments (11) showed that sequences upstream of 9.5 m.u. were not translated for VP1 or VP2'. Another possibility is that H-1 VP1 initiates at nucleotide 1999, but since this start signal is not conserved in either MVM (1) or canine parvovirus (S. L. Rhode III, personal communication), this seems unlikely. Further support for the initiation of translation of VP1 at nucleotide 2289 is the strong splice donor consensus sequence AGGTAAG at nucleotide 2318 (6) , before the terminator in this reading frame. We are continuing our investigation of the primary structure of VP1 to distinguish these alternatives. bComposition of residues 18 through 20 in Fig. 3 . ' Composition of residues 1 through 17 in Fig. 3 . 
